Supplementary Information

Materials and methods
Tetraethylene glycol dimethyl ether (TEGDME, Aldrich) was distilled over benzophenone and sodium under vacuum. For 500 ml of ether solvent, 9 g of benzophenone and 1.5 g of sodium were used. Distilled solvents were further dried for several days over freshly activated molecular sieves (type 4Å, Aldrich) before use. The final water content was < 10 ppm (determined by Karl Fischer titration). Lithium bis(trifluoromethane)sulfonimide (LiTFSI, Aldrich) was dried at 70 o C under vacuum over several days. Phenol was obtained from Aldrich. The prepared electrolyte solutions contain < 10 ppm water content (determined by Karl Fischer titration). High purity N5.5 O 2 (BOC) was used in all measurements. O 2 gas flow was further dried by an in-line moisture trap filled with activated 3 Å molecular sieves. All materials were stored in an Ar-filled glove box.
Cyclic voltammetry (CV) was performed using a VMP3 electrochemical workstation (Biologic) and a multi-necked, air-tight glass cell within a glove box. The measurements were carried out at room temperature and IR correction was used. 2 mm diameter polycrystalline glassy carbon (GC) disks (BAS Inc.) were employed as the working electrodes. A platinum wire served as the counter electrode and a partially oxidized LiFePO 4 composite electrode behind a Vycor frit served as the reference electrode, as described previously. [1] Swagelok Li-O 2 cells were constructed as described previously. [2] Binder-free gas diffusion layers 
Characterisations of discharged electrodes
For post-cycling characterisation, the cells were dissembled in a glovebox and the cathodes were rinsed with DME and dried prior to further characterisation. The morphology of discharge electrodes were observed by FE-SEM using a Zeiss-Merlin. PXRD was carried out with a Rigaku X-ray diffractometer in an air-sensitive holder. FTIR spectra were measured with a Thermo IR spectrometer (Nicolet 6700) in a N 2 -filled glove box. A DEMS cell was constructed as described previously. [4] A GDL served as working electrode and a partially oxidised LiFePO 4 composite electrode served as the anode in place of a protected lithium anode. The electrolyte solution was 30 mM Phenol-1 M LiTFSI in TEGDME. A continuous 95% O 2 / 5% Ar gas flow was purged through the cell as a carrier gas at a flow rate of 0.5 ml min
The quantity of Li 2 O 2 formed was determined by UV-vis spectrometry (Thermo Evolution 200) using a UV-vis titration method reported previously. [5] The unwashed discharged electrode and separators were added to a vial containing a known amount of water; 
